Established in 1971, National Balloon Facility at Hyderabad is a unique centre which offers complete solution in scientific ballooning for near space access using high altitude balloons. It combines both, in house balloon production and complete flight and recovery support to the experimenters. The balloon facility is also mandated to perform necessary research and development to meet future needs in scientific ballooning and lighter than air systems. The balloon flights conducted by the facility during the last few years are of two types (a) Large volume balloons up to 740,000 m 3 with heavy payloads for astronomy experiments and (b) Smaller balloons using lighter payloads for atmospheric sciences and the wind sounding flights up to 43 km altitude. At present, we are involved in the development of a portable telemetry, tracking and telecommand sub-system for remote operation and data link for long duration flights over the continent or the polar missions. Efforts are also on for the design and development of material and envelope design for high altitude platforms for the study of aerosols and trace gases. In this paper I will present details of our present activities and also outline our plans for the future directions.
Introduction
Scientific balloons will continue to be the work-horse for developing technology for new physics specifically astronomy & astrophysics and particle physics. The notable discoveries during the past decades were X-ray sources, black-hole X-ray transients in the galactic center region, the observation of positron emission lines, first maps of the anisotropies of the Cosmic Microwave Background (CMB), identification of anti-particles and recent observation of substantial excess of galactic cosmic-ray electrons at energies of ~300-800 GeV and their possible origin from the annihilation of dark-matter. The National Balloon Facility (NBF) at Hyderabad (Lat.17 o 28'N, Long.78 o 35'E) located near the equator is well suited for cosmic rays, astronomy and high energy physics experiments due to the high cut-off rigidity for the incoming charged particles.
The use of large volume zero-pressure polyethylene balloons began in India in 1959 and the National Balloon Facility (NBF) was established in 1971 with a mandate to provide support for Research, Development, Test and Evaluation using high altitude balloons, plan and develop facilities and provide operational services to meet the ballooning requirements for user scientists of National laboratories, Universities in India as well as from abroad. The activities of the Balloon Facility have been guided by the user's requirements. At present, apart from custom balloon design and fabrication, the Balloon Facility can provide end-to-end program management, including flight requirements, meteorological planning, gondola fabrication, range support, telemetry, tracking and tele-command, launch, flight and recovery operations. There is a continuous R & D effort in upgrading and improving the reliability of various aspects of balloon production, balloon control and safety and telemetry, tracking and telecommand instrumentation 1, 2, 3, 4) . The flight duration at Hyderabad is limited to about 6-8 hrs. This paper describes the current activities and capabilities of the National Balloon Facility and the future directions, specifically related to long duration balloon flights.
Current Status

Balloon design and fabrication
The NBF undertakes design & fabrication of stratospheric balloons and is also responsible for balloon launch, tracking, data retrieval and recovery of scientific payload after the flight Ever since its inception, the NBF has been operating with the needs of the user scientists and has been constantly upgrading its infrastructure, carrying out R & D activity to meet their growing demands. The sustained research and development efforts resulted in the indigenous plastic film code named ANTRIX, with mechanical properties comparable to SF-372, and ASTRO-E2. Balloon production is fully indigenous and further optimization of the film, manufacture of the load tapes and other components is a continuous process. A comparison of the elastic properties of the NBF manufactured plastic at low temperatures is shown in the fig. 1 . Most of our balloon production is done against the user's orders. A total of 12 large balloons were fabricated during the 2004-2008 period while 205 wind sounding balloons were manufactured during this period. The detailed characteristics of these are given in Table 1 . Balloon flights were conducted for experiments in Infrared astronomy, Xray astronomy, Astrobiology and Balloon engineering using large balloons from Hyderabad base. The details of the flights conducted during 2004-2008 from Hyderabad are listed in Table 2 . The photographs shown in Fig. 2 give a 2.2. Telemetry, tracking, tele-command and safety instruments The control instrumentation group at the NBF provides the on-board telemetry, tracking and command unit along with the ground station facility. Over the years, NBF has upgraded the telemetry and telecommand facilities to Sband to cater to the increasing complexity and the operational requirements of different balloon-borne payloads. These required a versatile and flexible uplink and the down-link telemetry system which can handle a variety of data types and data rates. In an effort to meet these new requirements, we have made substantial upgrades in our ground station and the on-board packages. At present, the Sband telemetry, tracking and telecommand system can handle data rates up to 1 Mbits. The telemetry and telecommand system has two segments; the onboard system and the ground station. The onboard system consists of two sub assemblies, i.e. onboard telecommand system which is capable of generating both data, latched and pulse commands and the onboard telemetry system, which uses pulse-code modulation and can cater to different word lengths, frame lengths and sub-frame coding. The PCM formatted data is output to the transmitter for phase modulating the carrier frequency of 2259 MHz to 1 radian. The transmitter power is 1.0 watt across 50 ohms and this gives a line of sight range of 350 km. As a redundancy, in case of any transmission loss or noisy data an on-board telemetry data storage system was designed and fabricated using a single board computer card and a 2 GB flash memory, along with the interface circuits. The unit is a small low cost, low power, solid state, high performance and rugged solution to cater to the in-situ data recording needs of balloon borne payloads. The single board computer from Lippart is a 300 MHz Intel processor with 256 MB RAM and can handle 8GB of flash memory. It uses 8W of power and can operate in the temperature range of -20 -+70 Deg C. . In addition to the telemetry, tracking and telecommand package, a host of safety instruments are installed on the load line. A radar transponder for aviation safety, a pair of GPS units, a medium wave radio beacon, GPS radiosonde with independent transmission at 403MHz, a radio direction finder operating at 1680 MHz for locating the payload during the recovery and most important of all, a command programmable timer for cut-off operation.
At present a fully powered integrated package shown in Fig. 3 (left panel) along with the on-board recorder weighs 18 kg and has the scope for further reduction. This approach for the onboard subsystems has already led to a saving of 39 kg in the total weight. For payloads using oriented gondolas for astronomy experiments, we have also introduced short range telemetry between the load-line control package and the main payload for onboard data exchange thus saving us the need of duplicate telemetry and telecommand hardware.
The ground station for data reception and telemetry, tracking and telecommand system includes a steerable 3.7 m dish antenna with a 33 dB gain and the preamplifier with a gain of 14dB and a receiver. The detailed parameters of the antenna system are listed in Table 3 and the functional diagram of entire system is shown in Fig. 4 . The same dish antenna also acts as the command up link via duplexer operation. Telemetry signals transmitted from the on-board telemetry transmitter are received by the dish antenna. Fig. 5 gives the view of the sub-systems which form part of the Sband telemetry, tracking and telecommand. For recovery of the telemetered data, the input frequency is down converted to the standard 70MHz Intermediate Frequency and the signals are further passed on to the main 70MHz demodulator and the tracking receiver to generate signals for auto tracking operation. The demodulator demodulates the base signal, which is passed on to the bit synchronizer for signal conditioning and extracting data and the clock signals. The output is a bi-phase L bit stream. The data and the clock signals are given to the de-commutation system and are made available to the end users on the Ethernet. The decoded information is displayed on several display stations and is also recorded in real time on a permanent storage media for further off-line analysis. The uplink is used to send commands to the payload. The balloon control operations at ground use a PC command encoder, which generates the format compatible with the 2.3. Ground station -tracking, telemetry, command and data storage onboard decoder and sends it serially to the transmitter for modulation. The modulated signal from the transmitter is amplified by a 50W Solid State Power Amplifier (SSPA) before being fed to the dish antenna. We are currently assembling a portable S-band T&C system for data handling of the flights launched from remote locations.
Flight support and recovery operations
Since chase planes are not used at NBF for flight termination and payload recovery, for real time balloon control and flight termination, we have developed a GoogleEarth based system for cut-off operation. A trajectory plot with Google map in the background helps the flight director in choosing the right time and spot for the release of instruments after the flight. With additional help from the payload direction finder and continuous balloon position update from the control room, the advance recovery team is able to zero in on the payload impact area within ~1-2 hours of the landing. The Software for displaying Real time GPS balloon position data against digitized map with zoom in and zoom out facility and the access from anywhere has been implemented on the top of Google maps API, Google Earth Plus. The actual balloon position is shown with high resolution. A sample balloon trajectory is shown in Fig. 6 .
Future Directions
Scientific balloons drift with the prevailing winds at the float altitude. The duration of the float and the recovery site are determined by the wind magnitude and its direction. Thus conventional balloon flights can provide a ceiling duration of 6 hrs to 48 hrs depending upon the launch site. In the case of NBF, its near equator location is important for scientific investigations due to high rigidity cut-off but its location near to the inter-tropical convergence zone drastically affects the weather and limits the number of good days for balloon launch as well as the ceiling duration. At mid-latitudes, the turnaround is much more pronounced and the low magnitude stratospheric zonal winds persist for about a month or more around the turnaround time under normal conditions but the stratospheric winds over equatorial latitudes are highly variable and unpredictable and the turnarounds are of much shorter duration. Fig 7a shows the biannual variations at 40 km altitude. It is also well known that at tropical latitudes weather variables like clouds, wind, temperature etc. are not as predictable as at mid latitudes due to the absence of upper-tropospheric Rossby waves.
Although the analysis of the UKMO assimilated data on mean wind fields at Hyderabad results in float duration of 6 hrs. in different seasons. Flight duration up to 10 hours have been obtained both during the March-April and NovDec seasons, which indicates a high level of short-term variability at the tropical latitudes.
Furthermore, the civil aviation authority has restricted the balloon operations from ground to 15 km during ascent and descent to an air corridor, which restricts our operating range to 364 km on East, 396 km on North, 486 km on West and 392 km on Southern side as shown in Fig. 7b . However, there are reserved forest areas in the North-North East, South and North-West directions and the Bay of Bengal in the South-East direction and which makes the payload recovery difficult in those areas and hence a westerly wind is not preferred. If westerly is associated with southerly component, no float duration can be expected.
Strategy for long duration balloon flights by NBF
Long duration space-borne experiments are a key to some of the fundamental problems of astroparticle physics, atmospheric sciences as well as in astronomy. The requirement for large quantities of continuous data has driven this need for longer-duration flights. LDBF also brings down the cost and efforts per unit time of observations and conventional zero pressure balloons are routinely flown in the south pole region during the Antarctic summer. To provide long duration balloon flights to the user community in India, the National Balloon Facility has two available options, first making the balloon flights from Port Blair in Andaman Islands and the second, balloon launches from the Indian Polar station Maitri, Antarctica, which has the necessary infrastructure 
Andaman Islands to Main-land
Port Blair, the capital city of Andaman and Nicobar Islands does have the necessary infrastructure which can be utilized for launching large balloons with heavy payloads, but recovery over these islands is a tedious task. A change in the wind vector due to north-south component may necessitate a recovery over the sea thus needing large and expensive infra-structure. In comparison the recovery over mainland is relatively much simpler and convenient. Therefore, except for the initial efforts of carting the payloads, the launching gear, the hydrogen gas and the mobile telemetry and telecommand station to Port Blair, long duration balloon flights are possible during the winter season. The geographic latitude of Port Blair is same as Chennai as seen in Fig 8 (left panel) and the stratospheric winds are Easterlies in winter (Fig. 8 right panel) and hence it is the most suitable time for balloon launching from Port Blair. With a distance of 1400 km from the mainland the expected ceiling duration is about 1-3 days depending on the wind speed. The runway area at the airport is the most suitable site but the open space is laid out in the NE-SE direction and therefore, near by flat ground can be used for the launch operation.
In a conventional balloon flight, the science payload weight is about 35% of the total weight at launch and a ballast of ~7-10 % of the total weight is required to reach the ceiling altitude and maintain a level flight. In the nighttime, the direct heating of the gas in the envelope reduces and hence the ceiling altitude comes down. An additional ballast of about 7% would be needed to maintain the altitude during each night at the ceiling. The westward drift of the balloon over the Bay of Bengal will see longer daylight by ~2 hrs and therefore, with a suitable choice of the launch window a 40 h h additional ballast load. A knowledge of the turnaround which refers to reversal of zonal winds, is of particular interest to the high-altitude ballooning campaigns and presently we are analyzing the UKMO wind data for such campaigns. to 60 balloon flight is possible for heavy payloads with small 
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Tm_61 and therefore, a diverse range of new instruments for the study of cosmic rays, infrared and millimeter wave astronomy, CMBR, and particle physics experiments are presently operational. Since its start in 1988, the long duration balloon flight program conducted in Antarctica by NASA has provided ceiling durations of up to 40 days, thereby increasing the scientific dividends. These payloads have not only produced important scientific results, but one can expect future significant results from the new generation of these balloon-borne instruments. Thus the LDBF programs will become the key features of balloon activities around the world, as an important testing platform for future space-flight instruments. Fig. 9 . The station has the basic infra-structure and we will require a small dedicated addition to carry out the required activities.
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A key limitati experiments is the constant ceiling altitude, a continuous two-way communication link and an un-interrupted power supply. All of these add to the cost, additional system weight and load-line complexity. For example solar arrays for providing the necessary power and a communication link using TDRSS have been used for flights launched from station McMurdo balloon launch facility.
The ever-increasing req sophisticated payloads has continually driven the expansion of payload capacities of scientific balloons. Since the balloon weight is almost 60% of the total payload, it is essential to develop new materials which can stand larger stress so that thinner, lighter and single cap balloons can serve the purpose. Since 2004, we have been fabricating single cap large balloons for heavy payloads and have achieved 100% success rate. New materials and co-extruded mixed polymers may provide the necessary sigma-space to reduce balloon weight further for a given volume. We plan to design and fabricate test balloons with integrated flexible solar panels on the top plate. The panel will be deployed at lead to reduction in the gross load.
Control instrumentation
telemetry, tracking and telec certainly not straight forward as line of sight communication will not be possible. The alternative schemes presently being considered are onboard storage and command upload through Iridium communication network or a Ship mounted mobile telemetry, tracking and command unit. For experiments from the Polar station Maitri, we are planning for a large capacity on-board storage. Low power flash memory based storage can be built at very economical cost and also requires low power to operate. Data will be downloaded during the balloon transit through the visibility cone. For monitoring the health of the experiment during the periods of invisibility, an Iridium based two-way communication system is planned. Such schemes are routinely used for receiving data from satellite missions. Time-tagged commands will be uploaded to the system and stored for subsequent operation and the quick-look data will be downloaded to the control centre at periodic intervals. Automatic ballast dispenser will be required to maintain a level flight.
Payload
conventional zero-pressure balloons and day exposure expected from the super pressure balloons being a reality, a fresh look is needed in the design of the various payloads being planned for long duration flights. Since most of the earlier instruments were designed with limited flight duration in mind. The last two decades have seen a revolution, both in detector technology and ASIC based low power electronics. In addition, the large data storage and FPGA based on-board data analysis modules are easily feasible and require very low power. This can lead to a large saving in the total system weight as payload weight is a small fraction of the total gross lift which scales linearly with the gondola weight. For example, the HETE-2 mission launched on October 9, 2001, with the primary goal of determining the origin and nature of cosmic gamma-ray bursts, was only a 120 kg satellite, with 7W of continuous power and carried three science instruments: viz; a set of wide-field gamma-ray spectrometers, a wide-field X-ray monitor and a set of soft X-ray cameras. A key component in the unprecedented success of the HETE-2 mission was a complete onboard analysis of the data made by four T805 transputers (8 DSP56001, ~ 100 Mips) and real time transmission to a global network of burst alert stations. Similarly, innovative design considerations are necessary for new payloads for long duration and ultra long duration balloon flights to reduce the overheads.
International Cooperation
Once a regular program of stratospheric balloon launches shed, it will be worth-while With the large scale solid-state storage being now available at very low cost, the new scheme can replace the presently employed data communication system using TDRSS satellite and this will also save precious weight from the load line and the onboard power supply.
Summary
astrophysics, fu has been proven beyond doubt. In the last 10 years the National balloon facility at Hyderabad has achieved self sufficiency in balloon production and 100% launch success rate. Major innovations have been made in the load line telemetry, tracking and telecommand package namely, reliability, lower weight and versatility. The turn-around period at Hyderabad is limited due to its location being close to convergence zone and further restriction from ATC limit the float duration to a maximum of ~6-8 hours. We propose to conduct long duration balloon flights from Andaman Island to the mainland over the Bay of Bengal and from the Indian Antarctic station Maitri for circum polar flights.
